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Available online 4 July 2009AbstractAn integrated program, ‘‘Microbiological and ecological responses to global environmental changes in polar regions’’
(MERGE), was proposed in the International Polar Year (IPY) 2007e2008 and endorsed by the IPY committee as a coordinating
proposal. MERGE hosts original proposals to the IPYand facilitates their funding. MERGE selected three key questions to produce
scientific achievements. Prokaryotic and eukaryotic organisms in terrestrial, lacustrine, and supraglacial habitats were targeted
according to diversity and biogeography; food webs and ecosystem evolution; and linkages between biological, chemical, and
physical processes in the supraglacial biome.
MERGE hosted 13 original and seven additional proposals, with two full proposals. It respected the priorities and achievements
of the individual proposals and aimed to unify their significant results. Ideas and projects followed a bottom-up rather than a top-
down approach. We intend to inform the MERGE community of the initial results and encourage ongoing collaboration. Scientists
from non-polar regions have also participated and are encouraged to remain involved in MERGE.
MERGE is formed by scientists from Argentina, Australia, Austria, Belgium, Brazil, Bulgaria, Canada, Egypt, Finland, France,
Germany, Italy, Japan, Korea, Malaysia, New Zealand, Philippines, Poland, Russia, Spain, UK, Uruguay, USA, and Vietnam, and
associates from Chile, Denmark, Netherlands, and Norway.
 2009 Elsevier B.V. and NIPR. All rights reserved.
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Understanding how polar ecosystems respond to
rapid climate change is of global significance. The
International Polar Year (IPY) 2007e2008 was an
important scientific campaign, particularly in the field* Corresponding author. Tel.: þ81 82 424 7986; fax: þ81 82 424 7916.
E-mail address: takn@hiroshima-u.ac.jp (T. Naganuma).
1873-9652/$ - see front matter  2009 Elsevier B.V. and NIPR. All rights
doi:10.1016/j.polar.2009.05.001of ecology, which is directly affected by changes in the
global climate. In addition to the scientific findings of
the IPY projects, IPY was expected to provide oppor-
tunities to forge new research partnerships or further
existing ones and to strengthen international collabo-
rations to conserve polar ecosystems (Rinaldi, 2006),reserved.
140 T. Naganuma, A. Wilmotte / Polar Science 3 (2009) 139e146and this has now been accomplished (Schiermeier,
2009). Here, we describe one such partnership and
collaboration substantiated through IPY.
The IPY committee reviewed a large number (1271)
of initial proposals, also termed expressions of interest
(EoIs), to the IPY. Researchers proposing the selected
EoIs were advised to develop them into more organized
and realistic full proposals (FPs). Following a discussion
by proponents of EoI, several of the proponents decided
to merge their individual proposals to form a single FP to
the IPY. This proposal was entitled ‘‘Microbiological
and ecological responses to global environmental
changes in polar regions’’ (MERGE). After the second-
stage review, MERGE was endorsed by the IPY
committee as a coordination proposal (FP # 55).
There were three calls for FPs (June 2005, September
2005 and January 2006). MERGE responded to the first
call with 13 original EoIs. As of January 2007, 228 FPs
out of 407 submitted were fully endorsed by IPY.
MERGE was one of the endorsed FPs, and was asked to
host the following two FPs to be endorsed under
MERGE: ‘‘Latitudinal sensitivity and resilience of soils
to anthropogenic and climate change impacts’’ led by
Prof. Keith Egger of the University of Northern British
Columbia, Canada (FP #193) and ‘‘Microbial diversity
of terrestrial and maritime ecosystems in the Antarctic
peninsula’’ led by Prof. Vivian Helena Pellizari of the
Universidade de Sao Paulo, Brazil (FP #403). Eventually,
MERGE developed into a forum of scientists from 24
countries d Argentina, Australia, Austria, Belgium,
Brazil, Bulgaria, Canada, Egypt, Finland, France,
Germany, Italy, Japan, Korea, Malaysia, New Zealand,
Philippines, Poland, Russia, Spain, UK, Uruguay, USA,
and Vietnam d as well as associates from Chile,
Denmark, Netherlands, and Norway.
Initially, proponents of the initial three EoIs (from
Belgium, Japan and UK) selected three key questions to
encourage scientific achievements by the researchers
participating in MERGE. Prokaryotic and eukaryotic
organisms in terrestrial, lacustrine, and supraglacial
habitats were targeted in terms of: (1) diversity and
biogeography; (2) food webs and ecosystem evolution;
and (3) linkages between biological, chemical, and
physical processes in the supraglacial biome (Hodson
et al., 2004, 2005; Hodson, 2006; Wynn et al., 2006,
2007), including phylogenetic and geochemical studies
(e.g., Okamoto et al., 2004; Takano et al., 2005, 2006a,b).
MERGE respects priorities of achievements by each
original proposal; however, it also aims at achieving
a broad perspective by combining the results obtained
from the individual member activities. In other words,
while the MERGE umbrella does not take a top-downcontrol, each bottom-up achievement from the proposals
under MERGE comprises part of a broad perspective.
Therefore, MERGE will submit three holistic conclu-
sions (to the three key questions) to the IPY after
2e3 years of detailed analyses. This communication
describes the background and major activities of
MERGE. Further, expectations for post-IPY activities
have been expressed.
2. Precursors of MERGE
2.1. Japanese MicroPole
MERGE is an IPY coordination proposal that has
been developed by integrating a number of original
EoIs, some of which were based on previous
outstanding expertise, such as the ones from Canada,
Spain, UK, etc. On the other hand, some emerged EoIs
were not necessarily from well-established activities,
and two such EoIs are briefly focused here to charac-
terize the ‘‘umbrella’’ nature of MERGE. One of the
emergent EoIs of MERGE was a proposal entitled
‘‘Inventory of microbial diversity in polar regions’’
(MicroPole; EoI no. 429). Initially, the IPY received
a total of 1086 EoI submissions (finally increased to
1271 with 185 late-coming EoIs), and the proponents
of these EoIs were advised to merge their EoIs with
other similar proposals to develop more scientifically
effective proposals. Most of the original EoIs were
integrated into a total of 402 full proposals, of which
approximately 200 promising ones were appointed as
coordination proposals.
MicroPole targeted the basic understanding of
evolution and phylogeny of polar microorganisms and
the industrial assessment of their unique characteristics
as potential biological resources, in collaboration with
glaciological, limnological, and plant ecological
studies. The proposed field activities included the
collection of microorganisms from polar habitats and
their primary cultivation, general characterization, and
preparation for short- to long-term preservation for
subsequent detailed and sophisticated analyses.
MicroPole aimed to form a database of microorgan-
isms (including microalgae, fungi, lichens, and micro-
animals) inhabiting pristine and human-impacted polar
habitats. The planned study sites included vegetated
terrains, dry terrains, ponds and lakes, and glaciers and
sub-glacier lakes (Okamoto et al., 2004; Naganuma et al.,
2005). Microbial assemblages (microflora) in pristine
habitats were surveyed to provide natural references for
comparison with the microflora of human-impacted
areas.
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Another core EoI in the MERGE program was the
proposal entitled ‘‘Polar microbial diversity: explora-
tion, function and exploitation’’ (POMIDIV; IPY EoI
no. 846). This EoI was regarded as a successor of
the successfully completed program MICROMAT
(1998e2001). MICROMAT is an academic industrial
partnership that aimed to improve knowledge of the
biodiversity of bacteria, protists, and fungi in Antarctic
microbial mats and to test this biodiversity for novel
compounds of potential biotechnological use. MICRO-
MAT was funded by EU Framework Program IV.
To obtain a variety of diverse microorganisms,
classical and novel isolation methods were used. The
phenotypic and genotypic characteristics of the strains
were determined. In order to establish a standard
taxonomic approach, modern molecular strategies on
the basis of 16S/18S rRNA gene sequences were used
for genotypic characterization of the microorganisms
(Tindall et al., 2000; Brambilla et al., 2001; Buffan-
Dubau et al., 2001; Hodgson et al., 2001; Pringault
et al., 2001; Taton et al., 2003, 2006; Castiglioni et al.,
2004; Sabbe et al., 2004; Boutte et al., 2006; Komarek
et al., 2006; Willame et al., 2006). The diversity of
pigments and light-protective compounds was also
assessed. Isolated strains of bacteria, fungi, and protists
were screened for novel cold-tolerant enzymes and
bioactive compounds. The nucleic acids extracted from
the samples were also submitted for screening of genes
encoding proteases, cellulases, and peptide synthetases
(Sonan et al., 2007).
Following the considerable success of this precursor
program, POMIDIV was proposed to study the diversity
of microbial organisms in terrestrial, freshwater, and
marine polar ecosystems, including cryoconites, benthic
mats (in lakes, melt waters, and the marine littoral), sea-
ice, crusts on rocks and soils, volcanic springs, and
endolithic biota. POMIDIV was engaged in the isolation
of strains and their morphological and genotypic
characterization. The POMIDIV program assessed the
origin, evolution, and population genetics of the selected
strains by using phylogenetic and population genetic
methods. POMIDIVused physiological experiments and
molecular genetic and genomic approaches in combi-
nation with monitoring studies in selected areas to reveal
how key organisms co-adapt to the extreme polar
environment and to study their responses to inter- and
intra-annual environmental changes such as light
climate, temperature, and nutrient concentrations. The
isolated strains were screened for biotechnological and
pharmaceutical purposes.POMIDIV also proposed to study and exploit the
metagenome of these communities in order to access
the diversity of functional genes from uncultivated
microorganisms. Ultimately, POMIDIV aimed to
contribute to a better understanding of the biological
and environmental processes that have shaped polar
microbial communities and the factors that are prob-
ably important in the context of future climate change.
3. Current major significant projects of MERGE
The MERGE umbrella contains several active
projects, each of which contributes significant results
for the MERGE program and thus for IPY. An example
of a study conducted in ‘‘non-traditional’’ countries is
an emerging project (IPY EoI no. 96) under the
Malaysian Antarctica Research Program (MARP),
which aims to compare the physiological adaptations
of microalgae from tropical, temperate, and polar
habitats. By investigating the response of polar algae to
global warming and increased ultraviolet radiation and
comparing this response to those of tropical and
temperate algae, the project intended to understand the
responses, adaptations, and vulnerabilities of polar
microalgae and ecosystems dependent on microalgal
production (Teoh et al., 2004; Wong et al., 2004).
An example of studies conducted in ‘‘traditional’’
countries is the Brazilian Antarctic Program (PROAN-
TAR). Aspects of applied microbiology such as clinical
and enzymological studies have been explored in
previous studies (Raminelli et al., 2007; Carvalho et al.,
2008; Kuhn et al., 2009). The representative activities by
four major member bodies among the many projects
under MERGE are briefly described in the following
subsections.
3.1. Canadian MERGE-Arctic
The study by the Canadian members of MERGE, led
by Prof. Warwick Vincent, Laval University, provides
a strong foundation for the Arctic microbial ecosystem
survey and plays a vital role in the MERGE program (see
Vincent et al., 2009). The MERGE-Canada program
focuses on Arctic aquatic/terrestrial ecosystems and
their surrounding catchments, with emphasis on the
biodiversity of their microbiota (Vincent and Laybourn-
Parry, 2008), in close association with the riverinee
marine system investigations by the Canadian Arctic
Shelf Exchange Study (CASES; e.g., Garneau et al.,
2008; 2009).
Lakes and rivers are prominent features of the Arctic
landscape and provide diverse habitats for plants,
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provide important hunting and fishing grounds for Inuit
communities, and they also serve as a source of drinking
water and a key resource for industries. Mackenzie River
is the largest river in arctic Canada. This river is
especially rich in dissolved organic carbon and sus-
pended sediments, and much of its microbial activity
appears to be associated with cells attached to sediment
particles that are mixed through the water column.
Canadian Arctic ecosystems are also characterized by
microorganisms associated with Arctic ice shelves
(Bottos et al., 2008) and saline springs (Perreault et al.,
2007, 2008; Niederberger et al., 2009).
Permanently frozen soils (permafrosts) are among
the Canadian target sites and provide a vast habitat
for microbiota across the circumpolar Arctic region.
However, little is known about the microbial biodiversity
of these environments. At certain locations across the
Arctic, soils have been contaminated with transport fuels
and other pollutants. Therefore, an important objective
for microbiologists studying polar habitats is to develop
bioremediation strategies for these soils by using natural
microbes that degrade and detoxify the pollutants.
The target organisms range from viruses and
prokaryotes to protists. A remarkable number of
recently published articles present examples of micro-
bial activity in the Canadian Arctic regions (Galand
et al., 2006, 2008a,b; Steven et al., 2007; Emmerton
et al., 2008; Terrado et al., 2008; Vallie`res et al., 2008;
Vincent et al., 2008).
In addition to field surveys and laboratory analyses,
a metadata catalogue has been developed in Canada for
the Arctic and Antarctica (http://www.polardata.ca).
Among many other programs, it has been adopted by
Canada for all Canadian IPY projects, including
MERGE-Arctic. It has also been made available to all
international MERGE participants, for either cross-
referencing their metadata records elsewhere, or as the
primary repository of their metadata. It follows inter-
national standards for metadata to allow transfer among
databases, and has been streamlined to facilitate input
from researchers and map-based searches by users.
3.2. Belgian AMBIO
The Belgian members of MERGE have enthusias-
tically studied the diversity and phylogenetics of
microorganisms, with particular reference to cyano-
bacteria and other microalgae inhabiting Antarctica
and other cold regions. The activities of the Belgian
team were funded by MICROMAT and grouped under
the POMIDIV program as mentioned above, but theywere also separately funded for ‘‘Antarctic microbial
biodiversity: importance of geographical and ecolog-
ical factors’’ (AMBIO) (van Gremberghe et al., 2008).
AMBIO is an academic partnership that aims to
improve the knowledge of the biodiversity of cyano-
bacteria, bacteria, and protists in Antarctic ecosystems.
It involves three partners from two Belgian universities,
namely the University of Liege and the University of
Gent. AMBIO is a ‘‘Science for Sustainable Develop-
ment’’ (SSD) project that has been funded by the Belgian
Federal Science Policy (BELSPO) since the beginning
of 2007. AMBIO is closely associated with the
construction and development of the Princess Elisabeth
Research Base (named after the oldest daughter of
Crown Prince Philip and Princess Mathilda), the first
Belgian base in Antarctica, situated at the foot of the Sor
Rondane Mountains in East Antarctica.
3.3. Spanish expedition ‘‘IPY-in-Byers Peninsula’’
The Spanish members of MERGE, led by Prof.
Antonio Quesada (see Quesada et al., 2009), Uni-
versidad Auto´noma de Madrid, provide an interna-
tionally available opportunity with their project
entitled ‘‘IPY-in-Byers Peninsula,’’ which is a joint
venture with MERGE and the other IPY projects of
TARANTELLA (led by Prof. Ad Huiskes, the
Netherlands Institute of Ecology) and EBA (EBA is
also a SCAR program and is described in Section 3.4).
The Byers Peninsula (623403500 S, 611300700 W;
60.6 km2), Livingston Island, South Shetland Islands, is
designated as Antarctic Specially Protected Area
(ASPA) number 126 because of the special scientific
interest in this region for non-marine and coastal
research, notably freshwater ecology and landscape
studies. It is one of the largest ice-free areas in the
Antarctic Peninsula, with 60 km2 of catchments that
remain free of ice in summer, with many interesting
abiotic and biological features. The Spanish research
group has been working in the Byers Peninsula since
2000 in the Limnopolar program (Ferna´ndez-Valiente
et al., 2007; Toro et al., 2007; Rodriguez and Rico, 2008),
which aims to describe the non-marine aquatic ecosys-
tems of the region and compare them with those of other
sites in the south and north polar regions.
The program was funded by the Spanish Polar
Program, and the funds were sufficient to support all
the logistics to set up a small camp at Byers Peninsula,
Livingston Island, and to study the terrestrial limnetic
and coastal ecosystems. The camps were organized in
slots of 2e3 weeks from November 2008 to January
2009. During each period, six scientists who were
143T. Naganuma, A. Wilmotte / Polar Science 3 (2009) 139e146selected from applicants from all over the world
studied different ecological aspects in situ. The call for
participation was very successful and over 20 expres-
sions of intent were received, and 24 teams from
different countries participated in this project, most of
which were assigned to investigate the study sites. The
Spanish team has already developed an automatic
sampling device for limnological ecosystems, which is
capable of overwintering and preserving the samples.
3.4. Japanese REGAL and EAGLE
The National Institute of Polar Research (NIPR),
Japan, hosted the limno-ecological project ‘‘Research
on ecology and geohistory of Antarctic lakes’’, or
REGAL, led by Dr Satoshi Imura, NIPR. Since its
informal start in 1994 and emergence in 2003, REGAL
has remained in the mainstream of terrestrial eco-bio-
logical studies at NIPR and played an important role in
establishing the initial MicroPole and developing the
MERGE proposals for submission to the IPY. Now, the
focus of REGAL is planned to shift to more glacier-
oriented projects for post-IPY seasons.
The limno-ecological REGAL project targets lakes
of different sizes and water qualities occurring in
the ice-free areas near the Japanese Syowa Station
located at approximately 39E, 69S. The map and
list of the target lakes are shown in the REGAL web
sites at: http://polaris.nipr.ac.jp/~penguin/Terrestrial/
regal/DataBase/Maps/StudyArea.htm, and http://polaris.
nipr.ac.jp/~penguin/Terrestrial/regal/DataBase/geolist.
htm. These lakes were formed by various processes
ranging from meltwater (freshwater) accumulation to
seawater enclosure due to isostatic rebound of degla-
ciated coasts or lowering of the sea level; therefore,
they show different levels of salinity ranging from that
of freshwater to salinity several times the strength of
seawater.
The lakes have ice covers of a thickness of <2 m in
winter, which frequently thaw during summer. The lake
waters are generally oligotrophic with high levels of
transparency. Lake floors are colonized by mats
composed of algae such as filamentous cyanobacteria,
diatoms, and green alga and unique aquatic mosses. The
algal mats and moss colonies also harbor meiobenthos
such as rotifers, nematodes, and tardigrades (water
bears). With these primary producers and consumers
(and probably decomposers), Antarctic lakes serve as
oases for microflora in Antarctic terrestrial ecospheres
that are otherwise generally sterile.
The REGAL project targeted the elucidation of
Antarctic lake ecosystems (Naganuma et al., 2005) andreconstructed lake histories by using high-resolution
analyses of sediment cores, with particular reference to
the past <100,000 years of deglaciation around the
Syowa Station (Matsumoto et al., 2006). Sediment cores
were used to provide direct records of the aquatic
conditions (Ohtsuka et al., 2006) and may also reflect
changes or successions terrestrial environments and
vegetations (Kanda et al., 2004) that are relatively diffi-
cult to study because of lower biomass accumulation.
Therefore, this project will allow the temporal analysis of
limnological dynamics, which was frequently studied
only as comparisons between lakes without considering
the time axis.
This temporal aspect was taken into consideration in
the relatively recent project entitled ‘‘Environmental and
genetic approach for life on Earth’’ (EAGLE), led by
Prof. Hiroshi Kanda, NIPR. The EAGLE project is
hosted by a collaboration of four national institutes of
polar research, genetics, informatics, and statistics,
which forms a virtual institute, termed Trans-disciplinary
Research Integration Center (TRIC). The EAGLE
project sets the following two major targets: recon-
structing paleo-environments through genomic analyses
of DNA from glacier cores (Abyzov et al., 2004)
including the assessment of ecological impacts by
colonization of snow algae (Aizen et al., 2005, 2006;
Nakazawa et al., 2005; Takeuchi et al., 2005, 2006; Fujita
et al., 2006; Miyake et al., 2006; Uetake et al., 2006;
Yoshimura et al., 2006; Koshima et al., 2007), and
elucidating genetic/genomic features of organisms living
in extreme environments including deep-sea hydro-
thermal vents (Hara et al., 2005; Takano et al., 2005) by
developing new bioinformatics tools (Abe et al., 2005;
Hayashi et al., 2005; Uchiyama et al., 2005).
One spin-off from the REGAL project has now
become a focus of the EAGLE project. It is a large-scale
genome-based analysis of the unique aquatic biota
(fauna, flora, and microflora) of ‘‘moss pillars.’’ Aquatic
mosses of the Bryum and Leptobryum species form
unusual tower-like structures in association with cyano-
bacteria, diatoms, and green alga, harboring meiofauna
such as rotifers, nematodes, and tardigrades as already
observed in algal mats (Imura et al., 1999, 2003; Imura
and Kanda, 2002; Kudoh et al., 2003a,b,c). Moss pillars
are probably formed by a synergy of these organisms, in
which primary producers and decomposers probably
play a more important role as compared to consumers.
These moss pillars may be vulnerable to environmental
changes that would cause shifts in the species composi-
tion of such biota. This study also participated in the
MERGE program, and the results of this study focused on
the responses of moss pillars to environmental changes.
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Antarctic Research (SCAR) for post-IPY seasons
Data collected under the MERGE umbrella should
be stored in a ‘‘formal data archive.’’ Although we
have not yet determined the organization of this
archive, it is an important task for the MERGE
program. In addition, EducationeOutreacheCommu-
nication (EOC) is also an important task of the IPY;
thus, MERGE should construct paths that are easily
accessible by the public. International efforts to
develop data archives and EOC paths for MERGE
should be undertaken. These tasks will be continued
even after the end of the IPY.
MERGE will function for 2e3 years after the official
IPY seasons to synthesize a single or a few conclusions
from the individual associate activities. It will also
continue to act as an umbrella of related but separate
activities for the post-IPY seasons, during which a new
parent body will be created. This new body, designated as
‘‘Evolution and biodiversity in the Antarctic: the
response of life to change’’ (EBA), is co-chaired by Prof.
Guido di Prisco, Institute of Protein Biochemistry, Italy,
and Dr Peter Convey, British Antarctic Survey, UK. The
mission of EBA is to ‘‘Describe the past, understand the
present, and predict the future of Antarctic ecosystems.’’
It is an international, multidisciplinary program that has
been approved by the SCAR for the period from 2006 to
2013. It should be noted that EBA is the successor of past
SCAR programs related to biology and ecology. As EBA
hopes to achieve a breakthrough in the integration of
research in marine, terrestrial, and freshwater
ecosystems, MERGE is expected to play an umbrella role
to host small individual projects (to facilitate more
funding and logistic opportunities) with the EBA
‘‘stamp’’. While some members and activities leave,
MERGE may see new members and associates for the
EBA seasons in a manner that MERGE has developed
through the IPY seasons.
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